X-ray structure of an inactive zymogen clostripain-like protease from Parabacteroides distasonis.
The clostripain-like (C11) family of cysteine proteases are ubiquitously produced by the vast majority of the bacterial strains that make up the human distal gut microbiome. Recent reports show that some C11 proteases promote host immune responses and bacterial pathogenesis, including the induction of neutrophil phagocytosis and the activation of bacterial pathogenic toxins, respectively. The crystal structure of distapain, the only C11 protease predicted within the genome of the commensal bacterium Parabacteroides distasonis, was determined in the inactive zymogen state to 1.65 Å resolution. This is the first C11 protease structure of a zymogen, and the structure helped to uncover key unique conformations among critical active-site residues that are likely to assist in preserving the inactive protease. His135, a member of the catalytic dyad, is repositioned approximately 5.5 Å from the orientation found in active C11 structures and forms a hydrogen bond to Asp180 and a π-stacking interaction with Trp133. The structure sheds light on the potential importance of Asp180 and Trp133, as these residues are highly conserved across C11 proteases. Structure elucidation of C11 proteases will ultimately help to identify new ways to chemically and/or biologically regulate this family of enzymes, which represent potential drug-discovery targets in microbiome-related gastrointestinal diseases.